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TEE HIW-SP”lZ LONGITEDINAL STA3ILITX AND CONTROL OF %‘E 

BELL P-39H-1 AIRPLANE A S  CALCULATXD FBOII PROPEL- 

OFF TESTS OF A 0.35SGALE HODEL 

By Robert C. Robinson an6 Angelo Perone 

This  report   presents  the  resulte o f  t e s t s  of  a O.35scaJ-e 

model o f  the Bell P-39E-l airplane.  Included  are  the longi- 

tudinal-s tabi l i ty  and --control charac te r fs t ics  of the airplane 

as indicated by tests o f  the model equipped with each of  t r ~ o  

d i f f e ren t   s e t s  of elevatore. The resu l t s   ind ica te  good longi- 

tudinal stabi l i ty  and control throughout the  speed range 

encounterable i n  f l ight .  m e  variation o f  estimated stick 

force  with  speed was l e s s  when the model. was equfpged with 

elevators  constructed t o  the  theoretical  desfgn  dimensions 

than when equipped with elevators a8 built  t o  s c d e  from - 

meesurenents of the corresponding-parts of the  actual   a i rs lane,  

The predic ted   s t ick   forces  required t o  produce the normal 

accelerat ions a t ta inable  i n  . f l ight   are   within  the limits 

specif l e d  by the Army A i r  Forces, 
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Tests of a 0.35.--scaL.e .model of the Be l l  Pa-391-1 c..irplane 
I . ,. 

- 

have been mafie in the h e s  I6-foot wind t unne l .  The purpoae 

of t he   i nvcs t fp t ion  WEB t o  obtain longi tudinal . -s tabi l i ty  and 

-oontrol  fiats. and presswe data f o r  correhtion with similar 

data as rnccmrcd 09 the airplane in conprehensive f l i g h t  t e s t e ,  

To fur ther  the succese of t h f s  correlation, the ecalo model 

wag designed t o  rep-oduce as  exactly a a  poseible all detai ls  

of the specific clsFlane used in the flLght t ee t s .  Two 

d i f f e ren t  elevators were tostod: one m a l e d  down from tho 

actual airplane, the  other  b u i l t  t o  the theoret ical  design 

dimensione. 

I ,  

propeller o f f  a r e  presented in thie report, 

DESCRIPTION OF i‘1013EL AND BPPBRdTUS 

The 0.35-scale model. of the Bell P-39N-1 airplane W a 6  

designed and built at the clnes Aeronautical Laboratory. In 
order t o  assuro suf f ic ien t  strsngth,  and s t i l l  provide room 

for a 350-horsepower motor, the fuselage wae constructed of a 

s tee l  frame w i t h  a covering of  aluminum cas t ings  shaped t o  

proper contour. The wing cnd elevators were constructed of 

s t ee l  spare with mahogany coverings. The l i n e s  of the fuse- 

l a g e ,  v e r t i c a l  tail, end horizontal  stabilizer were taken 

. 



NACA R1f No. ~ 6 ~ 2 7  3 

from the or fg ina l  design dimensions BB @Ten by the Bell 

Airc rd t  Corporation, w h i l e  the vfng end elevatol-  sections 

pmre determined from measurements of the corresponding 

sections on the airplane usea for flight t e s t s .  The elevators 

corresponding t o  t h s e  determined by measurements fron the 

airplane are hereinaf'ter  Teferred-to as the Unormal ele- 

vators," T-rhtle thoee having the theoretical   gections a r e  

re fer rea  t o  as the nt theoret icd  e levetors ,  I! Elevc-tor hinge 

moments were measured with an electrical-resistance s t r a i n  

gage 

Various inodel accessories instal lea  on the .nodel during 

drag measurenents  included: tvo  radio masts (pore and eft), 

a yaw heid, two airspeed heaGB, insulators, and a bomb rack. 

These items  corresponded t o  the external accessories i n  place 

during the f l i g h t  tests. 

The model WES mounted i n  the wind tunnel on the four 

%percent-thick  front struts and the 7-percent-thick lower 

r e a  s t r u t ,  The f ront  strut s ~ a c ~ n g  1-r.2~ 76 inches. 
struts were unshieltled, 

A three-view dratling of the  aoael is Sh0i.m f n  f igure I, 

Figure 2 (e) Bhowe the model noQnteil i n  the tunnel and 

figure 2(b) a h o m  the model with the various accessories i n  
place 

c 

The fo l lov ing  is a l i s t  of  the gertinent dimensions of 
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the model and the airplane: 
. 

5.24 

Gross weight, pounds. . e . . . 
Wing area,  square feet .  . . 26.3 
Aspect ra t io .  . . . . . . . . . . . . .  5.42 

S p a n , f e e t  . . . . . . . . . . . . . .  11.9 
Mean aerodynamic chord, feet, . . 2.352 

Hor izon ta l - t a i l  area,  square feet . . 5.02 

H o r i z o n t a l - t a i l   pan, feet .  . . . . . .  4.55 
Tail length  ( c o g .  t o  one-third root 

chord), f ee t .  . . . 8 . . 
Elevator mea (one) ,  a f t  of hinge, 

square feet e . . . . . I 0.772 

Elevator span (one), f ee t  . . . . . . .  2.14- 

Elevator mean-square chord, behind 

hinge l l n e ,  square f e e t  . . . . . . .  0.125 
Elevator-tab a r e a  (each), square 

f e e t .  . . . . . . . . . . . . . . . .  0.0702 

Urplane  centepof-gravfty  location, 

percent I3.A.C. . . . . . . . . . . .  
Distance of center of p a v i t y  above 

I i . A . C . ,  f e e t .  . . . . . . . . . . . .  
Normal stabilizer incidence  relative 

t o  thrust axis, degrees . . . b . 2--1/4 

14.95 
1 

6.30 \I 

6.11 

1,020 

0.g6 

28.5 

0 909 
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The data were  reauced  to  the standard NACA coefficients 

which a r e  based on the  model  wing . s e a  and mean  aerodynamic 

chord. Pitching moments were  computed about a center of 

gravity at 28.5 percent of the  mean  aerodynamic  chord. 

The coefficients and symbols used  are  defined &B Sol lom:  

lift  coefficient (W) 
pitching-moment  coefficient ( 4s (14,A. G. 

elevator  hinge-moment  coefficient  hinge - 
pitching  moment %. g. ) 

'he qbe ce2 1 

P B 

be 

drag coefficient 

free-stream  dynamic pressure (&pV"), pounds per 

square f o o t  

wing area,  square  feet 

effective  elevator span, feet 

mean squme of elevator chord aft of  hinge  line, 

square feet 
stabflizer incidence relatfive to thrust z x i s ,  degrees 

g r o s s  weight, pounds 

mean aerodynamic chord, feet 

velocity, feet per second 

indicated  airspeed,  miles  per hour 
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a 
h 
n 

angle of attaok of thrust a x i s  oorrected f o r  tunnel- 

w d . 1  effects, degrees 

mgle of attaok for zero lift 

elevator deflection, degrees 

elevator trim-tab defleotion, deg’rees 

Ilach number (+) 
speed of sound,  feet per second 

dLt Ztude , feet 
lndfcntcd acceleration of airplane normal to fl ight 

path, expressed i n  terms of acceleration of gravity 

stick foroe, pounds 

REDUCTION OF DATA, 
I 

The wind-tunnel calibration for dynamic pressure and t 
I’iach number was determined from n static-preasure survey of 

the test sec t ion  with the model supgorts in place. Correc- 

t i o n s  lor the constriotion due to the model tmro applied to 

the &oh numbor and t o  the force coeff ia ients .  The cnlibra- 

t ion method a d  constr ic t ion corrections are  discussed mora 
fully in reference 1. 

Corrections were made f o r  interference of the t unne l  

w a l l  and the  support system, The incromonts of angle of 

attack, pitching moment, and drag caused by the tunnel  w a l l  

were found by the method of‘ reforonoo 2, Tare f o r m s  and 

mommts due to the lower strut8 were evdustod by CO~pr!!fng 

a run hnving a l l  four struts i n  place with O ~ Q  having tho 

1 

.I 
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lower s t r u t s  removeti. It vas -qsaible t o  evaluate  the effocf; 

o f  the  lower stmts at  negative and small posi t ive l i f t s  only 

due t o  I h i t s t L o n s  on the  compressive  strength of  t he   s t ru t s ,  

The strut compressi.ve s t rength limit necessi ta ted  invert ing 

of the moSLel i n  order t o  cvdua te   t he   t a r e s  due t o  the pair  

of s t r u t s  which enter  the Iring  through the upper surfaco. 

Tho ef fec t  of these s t r u t s  vas evaluated o n l y  f o r  positive 

l i f ts .  The rear-strut t a r e s  found i n  tests of  a similar 

model wcrc used. 

The s t ick  forces   required t o  maintain the  airplane i n  

level  unaccelerated flight were calculated from the hinge” 

moment coefficients  correspon&ing t o  the  elevator angle 

indicated to be  necessary t o  balance the airplane at the 

required lift coeff ic ient .  

The s t ick  forces   required t o  produce various n o r m a  

accelerations of the airplane were calculated for the ins tan t  

that   the   a i rplane would be i n  l e v e l   f l i g h t  such as at  the 

bottom of  a pull-.out from a dive. The elevator deflect ion 

and the  l i f t  coefficient  necessary t o  produce  the  desired 

normal accelerat ion were found, This lift coeff ic ient  vas 

evaluated with consideration of the danping moment o f  the 

t a i l  due t o  the curved f l i g h t  path o f  the  airplane; that is, 

the  curved  f l ight-path  causes an effective  increase i n  the 

incidence of the tail. The elevator deflect ion and required 

l i f t  coeff ic ient  were used t o  fFna the e levator  hinge-moment 

coefffcient from which the s t i c k  force was then calculated. 



d MCA RH No. ~ 6 ~ 2 7  

RESULTS A h ?  DISCUSSION 

Longitudinal charac te r le t ics  

h 

The lift, drag, and pitching-moment characteristics of 

the P-49LI-l model with an6 without the tsil are  presented i n  

figures 3 and 4, respect1veX.y. 

The e f fec t  of iiaoh number on the drag coefficient e.t 

various lift coefficients is illustrated in figure 5. Beyond 

the lhch number of drag divergence the drag increased sharply, 

the rats of Increase becoming greater  with increaeing l i f t  

coeff ic ient ,  The h c h  number of drag divergence obtained 

from f l i g h t  tests and presented in reference 3 was 0.04 to 

0.05 lower than that obtained in the wind-tunnel tests. 

Preliminary teets of the model with the propeller indicate 

that  tho e a r l i e r  drag divergence found in the flight tests 

could be at t r ibuted i n  part to the e f f e o t s  of the propeller. 

Up to a liach number of 0.725 tho increments i n  drag due to 

the t a i l  and to the var ioue  accessories ( two air~peed heads 

and a yaw head mounted on booms, two rcdio masts, a bomb rack, 

and antenna insulators  on the fuselage) were each approximately 

0.0025. 

The varie- t ion with ffach number of the angle of  a t tack for 

zero  l i f t  and of the slope of the lift curve a r e  shown in 

figure 6 .  It can be seen that t h o  e f fec t  o f  llach number on 

the angle of at tack for zero lift is negligible up to a Mach 

number of 0.8 and that above this value tho angle increases 
.I 
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rapidly, The small change In angle of a t tack  f o r  zero l i f t  

up to high Mach numbers may be attributed mainly t o  the 

symmetrical section o f  the win@; roo t .  The lift-curve slope 

shows the usual increase with Mach number up to the IiIach 

number of l i f t  divergence, decreasing sharply beyond this 

point.  As can be expected, the var i a t ion  of lift-curve 

slope with b c h  number depends upon the lift coefficient at 

which the slopes are measured. - 

. 

The effecta of Mach number on pitching-moment coeff ic ient  

and l i f t  coef f ic ien t  are  illustrated in ffgure 7.  B o t h  sets 

of  curves r e f l e c t   t h e  influence of LLach number on the lift: 

curve slope and the angle of attack for zero lift, the 

gradual  increme of l ift coefficient and pitching-moment 

coefficient up to their  Mach numbers of divergenoe being due 

l e g e -  t o  the increase of lift-curve slope. Above the Xaoh 

numbers of l i f t  and pitching-moment dfvergence, there is a 

rapid decrease of lift coeff ic ient  and pitching-momcnt coef- 

ficient due to %he decrease in airplane lift-curve slope and 

the increase i n  the angle of at tack f o r  zero l i f t .  

Figure G &owe that the stabelizer effectfveness 

-dC,/dit increase6 with h c h  number, the value at a Mach 

number of O.@j  being approximately 33 percent more negative 

than that at a Ikch number o f  0.4. This increase of 

-&,/ai,, with the decrease of  lift-curve slope, at high 

Mach numbers r eeu l t s  Zn the rapid deorease of pitching-moment 

weff io ien t  above the Mach number of pitching-moment dive& 

gence. &so illustrated in figure d is the sm&ll ef fec t  
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of Mach number on the effectiveness bCm/b6e of both 

normal and theoretical e l e v a t ~ r ~ .  The var i a t ion  of bCm/b8, 

through the range of angle of a'ctack encountered i n  high-speed 

f l i g h t  vae negligible f o r  both elevatore. The curves of 

figure d show the t h e o r e t b a l  elevator to be about 7 percent 

more effective than the normal elevator. 

The static longitudinal s tabi l i ty  of  the nodel is illus- 

trated in f igure '9 by the   var ia t ion with Each number of the 

stick-fixed  neutral p o i n t  a t  three l ift  coefficients. Here 

too, the effecte of lhch nmber on alrplanc l if t-curve elope 

and tail effectiveness m a y  be seen i n  the greatly increased 

e t e b i l i t y  a t  the highor  opeeds. 

Elevator Control Foroes 

The variation of pitching-moment coeff ic ient  and elevator 

hinge-moment coeff ic ient  with elevator angle for several lift 

coefficients and iiach numbers is shotrn in f igure 10 f o r  the 

normal elevator and i n  f i g u r e  11 for the theoretical elevator, 

Study of these ourve!s revoals t h a t  the e f fec t  of Mach number 

on bZh,/d&, is small f o r  both elevators and that the value 

of &h / b ~ ,  18 small and not grea t ly  affected by Ifach number 

within the range of lift coef f ic ien ts  and elevator angles 

ancountered at high speeds.- In general, tho effccts  of surface 

irregularities on the normal elevator were to decrease the 

olevator effectiveness and the hinge moment. 

e 

I n  figure 1 2  t h e  va r i a t ion  of elevator trim-tab 

J 

t 
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effectiveness with Hach number i s  shown. The tab maintains 

its effect iveness  throughout the IIach number range i n  whioh 

it was t es ted  and i s  only s l i g h t l y  influenced by moderate 

var ia t ions  in   e levator   angle  and lift ooefficient.  

Figure 13 presents the variation wfth   fnafca ted   a i rveed  

o f  elevator angle and s t i ck   fo rce  f o r  l e v e l   f l i g h t  at three 

alt i tufiee,  with the trLm tab neutral. The curves o f  elevator 

angle and stick force for see leve l   condt t ions  have  been 

extrapoloted f rom the 0.4 Ifach number t o  lower speeds to 

o b t a i n  the trim speed o f  the  airplane.  It is apparent that 

with  the theoretical elevator the airplane  balances at a 

lower speed for zero  elevator 6sflect;ion and the  stick-fixed 

stability i s  i n  general s l l g h t l y  less than -with the normal 

elevators. The d i f fe rence   in  trim sgoed ie equivalent t o  a. 

s m a l l  d i f ference i n  stabilizer incidence,  while the decreased 

stick-fixed stability with tl"e theoretical elevator i s  

evidently due t o  its greater  effectiveness.  I n  Bpite of the 

f a c t  that larger deflect ions of the theorcf;ical   elevator were 

required t o  balance the model, the normal elevator protiucod 
l a rge r  s t ick forces due t o  the Becreme i n  the hinge moment 

caused by the deformed surf aces. 

Conparison of  par t s  (a), (b), and (c) of f igu re  13 ehows 
the   e f fec ts  of a l t i t ude  on the vmia t ion  of  e levator  anglg 

and &t i ck  force with indlcated rsir speed. I n  general, the 

stick-fixed stabfli ty increased with a l t i t ude ,  and the   s t ick  

force increased slightly f o r  a constant indicated airspeed, 
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At cons tan t  lkch  number the   s t ick  force decreased with inoreas- 

ing altitude. 

The calculated stick force required at different  altitudes 

for various normal acceler.ations i n  pull-ups ie shown i n  figure . - , 

3.4. At sea l eve l  a l ine= vmfatlon of stick force with normal 

acceleration waB calcule.ted f o r  Piach numbers up to about 0.725. 

The effeat  of altitude, in general., i s  t o  increase the s t i c k  

force  gradient F,/n for each particular Ikch number, Figure 

15 shows that for constant values. of' normal acce lera t ion ,  the 

effect of Mach number on the s t i ck  foroe ia negligible until 

0.7 Mach number is reached. For I'lach numbers above 0.7, the 

stiok force increases more rapidly with speed f o r  the larger 

values of normal acceleration, I n  general, at a given l'lach 

number the stick force requlvled to proaiuce a given n o r m a  

acceleration increases with alti-tude, The prediated stick 

forces f o r  normal accelerations encountered i n  flight are not 

excessive and are within %he llmlts specif ied by the Army A i r  

Forces in reference 4. 

The high-speed wind-tunnel teets of the O.35-scale model 

of the P-39N-1 indicate the following: 

1. The model exhibited an increase in longitudinal 

s tabi l i ty  and a slight diving moment at high Xaoh numbers, 

but  the available elevator cont ro l  vas sufficient to overcome 

these tendenciea at all flight Mach numbers o r  the p-39N-1 
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airplane 

2. The stabil izer  effectiveness  increased  considerably 

with Ifach number, khile  the  elevator  effectiveness w a s  

prac t ica l ly  unchanged, . .. 

3. The elevator-tab  effectiveness showed no change 

with Xach  number and was l i t t l e   d f e c t e d  by changes i n  

elevator  ahgle 2nd l i f t  coeff ic lent ,  

4. Comparison of the norms1 elevators (whioh were 

scaled f r o m  the actual   a i rplane)   vi th   those a B  constructed 

from the   theore t ica l  design dimensions &OT.TB that  although 

smaller  deflectione of the normal elevators were required 

for balancing  the airplane tneg 3,roauced larger s t i ck   fo rces  

than diel the t h e o r e t i c d  elevators. 

h e s  Aeromutical  Laboratory, 
National Advisory Commi%tee f o r  Aeronautics, 

Zbff ett Field,  Calif. 

Robert C. Robinson, 
Aeronautical  Engineer. 

Approved: 

Eonald H, Wood, - 
Aeronautical Engineer, 

Aeronautical  Engineer. 
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Figure 1.- Three-view drawing of the .35 e c a l e  nodel of the 
i?-39N-1 &plane 

s.5 t e s t e &   i n  the 16-foot vind  tunnel, 
Figure 2.- The O.35-scale model o f  the Bell P-39X-l airplane 

Figure 3 . n -  Lift, drrg, and pitching-moment cheracter is t ice  
of the P-39N-1 model at sever& ikch numbers vith the 
t a i l  a t  the standard setting of 2-1/16' and = Oo, 

Figure 4.d Lif t ,  drag, and pitching-moment charac te r i s t ics  
o f  the P-39N-1 nodel w i t h u t  a tail at several  Zkch 
numbers, 

Figure 5.- Variation o f  drag coeff ic ient  with Xach number 
f o r  the P-39N-I. airplane nodel. 

Figure 6.- V a r i a t i o n  of the angle of a t tack  f o r  zero l i f t  
and the  slope of the l i f t  curve with Uach number. 

C 6 ,  = Oo; P-39N-I model. 

Ir lift c o e f f i c i e n t  vith liach number at several  attitudes. 
Figure 7.- The variat ion of  pLtchinemonent  coefficient and 

6, = Oo; P-39N-1 model. 

effect iveness  with ilach number f o r  the P-39N-1 model. 

I 

F i w e  g.- Varia*ion o f  s t sb i l izer  effectiveness and elevator  

Figure 9.- Var ia t ion  of the stick-fixed  center-of-gravity 
posi t ion for n e u f r d  s t a b i l i t y  with Iiach number at 
Ciifferent  values of  lift coeff ic ient .  P-39K-1 model, 

2'igure 10.- Variation of pitching-moment and elevator  lziizge- 
moment c o e f f i c i e n t s   v i 5 h  e levator  angle f o r  constant lift 
coeff ic ients .  W r al elev tors; it = 2-1/4O; = 0'; 
P-39K-l nodel. ;iaP I5 = 0% 

Figure 10.- Continued. P-39N-L nodel. (b) 1I = 0-55.  

lligure 10.- Contfnued. P-39N-l noael. ( c )  11 = 0 . 6 ,  

Figure 10,- Continued. P-39iT-l model. (a) li = O,7O 

Figure 10.- Coni;inued, P-3911-1 zodel. (e) ii = 0.725 
" 

* FLgure 10.- Continued. P-39K-1 model. (f 1 if = 0.75 
Figure  10.- Coatinued. P-39&1 nodel. ( g }  ii = 0.775 



Figure 10.- Continued. P-39N-1 model, (h) 11 = 0.80, 

Figure  10.- Continued. P-JgN-1 model. (i) H = 0.625 

Figure 10.- Concluded. P-39N-1 model. (1) 14 = O,&j 

Figure 11.- Variation of  pitchlng-moment and elevator hinge- 
noment coeff ic ients  with elevator angle for conatant l i f t  
coefficients,   Theoretical   elevators;  it = 2-1/4O; 6t = 0'; 
P-39N-1 model. (a) 3i = 0.4. 

Figure 11.- Continued. P-3911-1 model. (b) ii = 0.55. 

Figure 11.- Continued, P-39N-1 model. fc) Ii = 0.65. 

Figure 11,- Continued. P-3914-1 model. (dl 1: = 0.70. 

Figure 11.- Continued. P-39N-1 moilel. ( e )  li = 0.725. 

Figure 2.1,- Contlnued. P-39N-1 moGel. (f) il = 0.75, 

Figure 11.- Continued. P-39N-1 nodel. (g) Id = 0.775 

Figure 11.- Continued. P-39N-l model, (h) X = 0,gO 
# 

Figure 11.- Continued. P-39N-l model. (i) 11 = 0.$25 

Figure 11.- Concluded. P-3gM-1 model, (j) If = 0,dg 7 

Figure 12,- Variation of e levator  trim-teb effectiveness with 
Ikch number at  d i f fe ren t   e leva tor  anglea and lift coeffi- 
c ients ,  P-39N-1 model, 

Figure 13.- Variation of e levator  angle 2nd stick fo rce  with 
indicated airspeed for balance of the P-3giLl airplane Zn 
level f l i gh t .  As predlcted f r o  tests of  a 0.35-scale 
model. 6t = Oo; it; = 2-1/k0. ?a) Sea level .  

Figure 13.- Continued. P-J9N-1 modal. (b) h = 15000 feet .  

Figure 13. -  Concluded. P-39N-l model, ( c )  h = 25000 feet, 

Figure 14.- Var ia t ion  of stick force wLth indiw-ted normal 
acce lera t ion   for  vprfous lkch nunbers at di f fe ren t  
d t i t u d e s ,  Normal elevators; i t  = 2-l/ko. P-3911-1 nodel, 

Figure 15.- Variation of s t i c k   f a r c e  vi th  Each number f o r  

. 



z P I P -  



. 

t 

(a) Front viev of the  -P-39K-l model mounted in 
the tunnel. 

(b) Three-qumter f r o n t  view of the P-39N-1 model 
showing accessories in place.  

F igure  2.- The 0.35-scale model of the  Bell P-jyE-1 airplane 
as t e s t e d  i n  the 16-foot wind tunnel.  
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